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(54) RADIO COMMUNICATION EQUIPMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To minimize a reference 
discrete carrier data quality as required in the case of 
replacing an existing analog configuration with a digital 
configuration in the generation of a carrier in a radio 
equipment. 

SOLUTION: A transmission section gives a transmission 
bit stream to a waveform generating section, in which 
the frequency of in-phase and orthogonal components is 
shifted, a sampling speed of both the components 
subject to frequency shift is increased up to a required 
speed and a digital orthogonal modulator 102 obtains a 
desired transmission frequency. An A/D converter 104 
of a reception section digitizes a reception signal, the 
resulting signal is given to a digital orthogonal detector 
105, in which the in-phase and orthogonal components 
with a center frequency of Af are generated, the sample 
speed of the in-phase and orthogonal components of the 
reception signal is reduced up to a required speed, the 
frequency is shifted by Af and then the in-phase and 

orthogonal components whose center frequency is set to 0 are generated. 
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(2) 

1 2 

im^m i ] mm* * y rmmz f n & . i : n=Axf 
ch + Af (fcfc't, f c h : y rjastSBara, 

I ' (t)=I(t)Xcos(2jcAf t)-Q(t)Xsin(2jiA f t) 
Q' ( t ) = I ( t ) Xsin( 2 7T A f t ) +Q ( t ) Xcos(2 n A f t ) — 



ffl?9 - 2 3 3 0 4 4 



»»SrQ(t)i*LfclRi^ 



1) 



JKBH f c h ir^ffitw, fs=Bxfch (B 



r i S:W»i:i-*«|j»a«** e 10 

lUl-lia-CfflffiS; S ft T ^ 5 4§-g\ N ^ 4 5 ft 

^r, ^-^-f^mmki $&£zfffim*^> VTm&mmXi 

I' ( t )= I ( t ) Xcos(2 7i A f t ) + Q ( t ) Xsin(2 k A f t ) 
Q' ( t )=- r ( t ) Xsin(2 x A f t ) + Q( t ) Xcos(2 - A f t ) 



f f n = AX f 

(/c/cL, f c h y TjgStftfiflHS, 



ch + Af 

A : 3ls 



:2) 



30 



E-£j*$ftfcI' *3±tfQ' i9tfttfclifi(B*«S 
ttlijt, Sfjf a** ffi $ ft it ffitB * Ji SB W ffl Sr S « IB 

[ IS *il 5 ] -r ^ * y Ht £ ft K £t£S3£ K *s it 5 * * 
ffi^rfll^; $ ftri ^ n ^ 4 <7>S«c{S-efc -5 IS* 

[»*«6] S6IE^-tyr*fi8;ffiBi«jE5£ift (tKli 
8S=*r* y TJSJSftKPB! f c h k<DffllZ^ fs=BXf c 

h CB:Si5c) k^£ix%mm%^z^k%w&t-t 

[0 0 0 1 ] 

[ m m com -t 5 ] k i*&Mmm<D&miz m 

[0 0 0 2] 

[0 0 0 3] Wttoiz. iHm-(Blco^TEftMi-4o 5^fStr 
5/ h y -A -1 (i«[^fieSB2{rA*$ft. Sff r> . 

yufS-g-^-tft^ftD/A-^tft-Sg 3 i:J:ot7tn^ 
i;:B£t&£ft&o T'T^-o .yfg-^clE^^ft 

fcl^11i^J:^ie^.5>S:A*i: LTp;f)i~co I Fft-g-Srffi 

tt f F«iK«:^L^D-^yufs^;^i: £7t, 'so 



20 m.^ / A^i^u-^j\,m^(DitL^KX2tzf l fiyy m 

[0 0 0 4] I Fff *ttJ«®*5T^^lifflSr-fTo7t 

oT, S(ja!<^^FSiSS:8fe*-f"5fc*!?{c:B P F 8 
<fo5 0 BPF8SriiiSUfcgffa^W«t*«-S-{iPA (P 
owe r Amp 1 i f i e r) 9 TMS^l^ ^ trig 
ffiSftfcg, (tell TDMA/T D D (Time Division 
MultipleAccess/Time Division Duplex) Ji^CO&W) 

m<ow&\a±* iSsejDf^-ryf i o, bpfu 



[0 0 0 5] 



40 



1 2 t?S (t ^ft7tSmff -^I^BPFl 1 T-K^ t* -5 &EjKt 

#ttiJIS§3 9#*^>r s/^ 1 0S:iii@L)t^, L N A (L 
ow Noise Amplifier) 1 3 "C'^f AECOii^g Srfro "Aci^ , B 
PF 1 4We«Srl»4t5o -tCOffe. Sffi-B-g-ttffljft 

ftfcjgififtff -S- 1 ^ ^ iM 5 T-Jft»J*sm:>ft5* ^ ct)|±j 
^{f^^^/fMcO I Ffg-S-SrtlfitBi-^fcfetwBPF 1 6 
^;^®T*fc§ 0 BPF 1 6Sriii@bfc0faojaiiSSift^- 
f*J$*gSl 7T'F^oo±etS// S: fTfcftfc^. 
8TM FfS^^bf^ffi4b\l:^nr^/S^ U\ 
OH $ ftfc|WJt@*5 J: 'Om^/7ic^il^ ^ A/D ^t^-gr; j 9 T* 

x // y t mA $ ft , mmmz o^m^y 
h y 2 i ^-ife/$$ft-5o 

[0 0 0 6] Jifciw, «e.*jyi|iZ*3JTST^-n ^iHlKT-flf^c 



(3) 



- 2 3 3 0 4 4 



c^-n eh 6<offl$,x~mi 5tn45^ii mam, 
[0007] wfrizmmmic-o^-xtm-tZo ate'y 

Mhy-Ai fo&M-£.$M 2 tcA* Six, itfg f y h 
5o l^ffifcctVEX^tt^Jx-t^x-y-^^^ii 

asgj&an 6 o i xm^tev>y^m&i£xmmik£fo 10 

S ■( t ) = I tX ( t ) X COS ( 2 71 f t ) ■ 

Ti?*M£fcx&m&i 02m s(t)sr^i-sfc 

^f-MMcO^fMlSt^ f (C^-r^cos (2tt f t ) jS& 

U*-sin (2tt f t) aSi&gtfc^o ^^ifiStrgaux 

^ ^m^cxm^Mftir^^-^ ^m^r^jjfi 

Sr»tai-5^ffi«^%x.bix5o ^^^^yicf-y 20 

[0 0 10] S(t)fiD/A»l 03(a^7tn 
^{f-g-K^&Sixao w<Ogg, D/A^l 0 3<D\ti 

t> D/A$ftSl 0 3<Dmxm-%-$:^S1&(Of&i£<Diz 
fti-BPF 8*7t(iLPFS:aiS*itSiK^sfcSo B 
PF 8^fef±L P F^iligb7c{f^-m^*^J^fS)1S^, ^ 

I rx( t ) = L P F (R ( t ) Xcos( 2 n f t )) 
Qrx( t) = LPF(-R(t ) Xsin(2 n f t )) 



T^S. ^l5jffi^3j:^ia^57 v co/l&^tt$:lKll 8iz. 

[ooo8] itig>(t*ixfciatB*5j;u«ii:*^ttf !f ^^ 
/HkiS^ffigBif i o 2 id a* sax, gffacoiufsjajs^ft 
#K#LTS£w«:Jfi-f- 0 i«jg^$4xfcig*B*3<tVii:SE^ 
^Sr-tn-eaxi t x ( t), QtxmtScu ^aco 

iiHsJSifc&S: f ^^^yHbK^grf^l 0 2 

coHi^m-^S ( t )tt«T^*T^SixSo 
[0 0 0 9] 
[*3] 



-Qtx( t ) Xsin(2 7i f t ) 



(S3) 



^PA9, SW1 0, BPF1 l^iOT^Ttn^ 
LTiUmSjfxSo 

[0 0 1 1] gffirHLTf*. T^-Tl 2, BPF1 
1, SW10, LNA13^J;0'BPF14HrLT# 
baxfcT-^n^gffff^^A/D^m^l 0 4t:fy^ 

&l£ft*m\ft£3tiZ>o A/D-^tftSixfe-r^^yWs-g-S: 
R(t), MM^gm^^l^^^^^c/fi^^^^ix 
■eaxlrx(t), Qrx(t)<b^L, j5rS<E>§«jgj£ 



rlrx(t), Qrx( t )\^~Y<D^X7 
[0012] 
[S4] 



:4) 



fc«U LPF (x) «xls:»L^^yr»KffiLPF 30 

-c\ fcs^sax^jaKSJ^T^fs^^siasitsc 

[0013] r ^IkfiJSSS 1 0 5 tt, Irx 
( t ), Qrx( t )S:*figi-§fc»fCgffSicOg{fM|&«c f K 
^f-T^cos (2-f t) jo<fct>'sin (2-f t) 

*1 0 2^*5^«»-&tra«^*ffi^x.&4xSo 
[0 0 14] «±tz,t !9*figSaxfc0fS^SfS5&^iat@ 

0 2T*dgS*1^>^/uj$ J Et*Tfg;iift:$ixS 0 -y-v^yu 40 
i£*3£*ffi<Z>— f#j£[H 1 9id^i" 0 dcoffijT. rv?*/!' 
•fki££lM£^l 0 5^^cof^tSioJ:^Li:Si*5>^#^T 

{ajaf-fbSixfcl^ffifilc^ £t>1t3&£$m«IBS 2 0 icA 
^ Six, '^f^^iWSrSTS-fS ^h7^y^2 1 ^ 
ttJASJxSo 

[0015] m&o^m^. mmmm^r^^^it^z 
m lx s a- -v y rmvitoit^xo^^^ Mfci^aw^o 
j: ck 7 - ^ * ^ i t m. 3? & & .3* f 2 t * -r a% t m ^(ommm^r 



[ooi6] itir%m\^m2\zmmm j ^cDm*ht£z> 

^OIES^^^F^ftl(dN^f'JLfc#^>'y i /ufii:2 0 3 13 
}i|M#id^^ey 2 o i fa<DWitiE<D7 Ku^2 o 2 titers 

[0 0 17] Jfc{r, 0 3S:ffl^TlS«:ig&*fS-g-^j«; 
iSaido^TKI^-rSo y 20itc»*fl$ixfcBt»^r 

y rf-* fr^^-y^mm^ f s rii^if^fc Lfc^ 

JaKSt f 1 (=f s /N) coiE3£iBt 3 0 1 
5, U T^r — * Sri^^^yuJgliSSfc f s X 

-^m^^m^tcLtcm^. mi&mf 2 (=2 f s / 
N) ooie^s 0 2^j5gsax5o gstfc^^yr 

JSrKSc f 3 (-3 f s/N) C03E52SZ3 0 3« 
Six -5* 

[0018] W±cO/JSgBC2£<5# ^!/201 T-3EjS;Hf 
ng^iSj&mffi ^ f ; n' It, 
I 0 0 1~9 ] 



(4) 
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[»5] 
[0 0 2 0] 



fn' = n X f s /N 
4fcj*JB«ftHfiB£ f a k&Tk* 



;/N 



(n = Sft, 1 £n<N/2) 
* [ft 6] 



(ft 5 J 



* 



f a = f 

[0 0 2 1 ] 

XjiPH S (Personal Handy Phone System) IdjgJl Lfc 

f n = n X 3 0 0 K H z + 5 0 KH z 

= (6n+l) X50 KH z 
fcrtiU (n :ff, 6317^n^6393) 

■JB&ftKPHf atfs*#^g, ««**yT^-*cD-r — 

oems*^ y Tm&w$mxh% 3 o okh z t-r^ 

ft? <t 9 rco4*T*«SjiT*fcS« 20 
[0 0 2 3] fii:, fs = 7 6 2 2.4MHz i: L/cif 

g\ 5 o kh z mffi<offll& f gt*kj&<n'fc#>\z\*. meXK) 

1 5 2 4 4 8 (7 6 2 2. 4MH z/5 OKHz) J7 — K 
[0 0 2 4] 

'l-mk-tZ^ k?f>X^ Z> 0 30 
[0 0 2 5] jgjffiftv^ HCBJL-Ctt, Jb!EB£»*-r y 

^Ci^dft V TBBPBcoffiftffifTJS^-r L 
*^A<7?=fr* y Tjg&ft£#oTW«£i\ Sot, ^rco 

PHSCD0i|-m5 0 KH z ^ttlE^^ni-fcfcSo 
[0 0 2 6] 

fa»i--5]t*j3fi, f a = y rjaiSftPflfiBir-ra^. 

5^A5 0 -co IRC p^OPHS^PJTHSOKHz* 

I ' tx( f ) 
Q' tx( t ) 



- (»6) 

^8 9 5.1 5— 1917.95MHz ]) TJ5lifi»BBB5 3 

0 OKH z)-Cifc5o t*oT, SrSfflttftS: f n t^i 

k. 

[0 0 2 2] 
Ift7] 



- (ft7) 

[0 0 2 7] ±3£coJ; 5*JSi&ft^7 h£%ltL7c, 
^ffi^CT^dl 1 t^^i" 0 xkim^y b y -A l ttjK 

com&m^y halo* m&m^y b&M£titimte& 

iirfctg, ^^^^fbK^^f^l 0 2-eBffSOiSimJS& 
[0 0 2 8 ] ZfcC §{tfpij^o^T3$^<^ 0 A/D^jfc 

sio 4x^^-9 ^^rit^m(B^^i>^/Htm:^ 

&M$zl 0 5i^A^$ix, FJrM<o£fs«-§-teA.f <D*p*L\ 

aSr^S*ii«^t?{6T$--fr^o -com, AfcojgjJSft 
KSrtT^^^iffiftSrO <b LfclRlffi*5 J; OhE*S/3c^ 
^Mt5 0 ^7t^mi^J:t/B:^^fitaf^2 0\z 
A^Sjfv «8H»^SrSTS{f b y — A 2 1 a* 

[0 0 2 9] &C a£fgfoyi£:iott5JS&ft^7 hg&cD— 
0JSrEI4 3r/B^T*H\ j£ff trV N ^ h y - A l &$LWz 

5o Jl^ftv-7 hSFB 1 0 1 - 2 K± 

t/E^AK^Sr-tti^x I tx( t ), Qtx(t), y7 hlfc 
^JSififtS: A f v tH^Six* Af y7 h $ ^/cSfrfc^^j 
*B*5J:t>*a:3SfiS;^Sr I ' tx('t), Q' tx( t ) km t/ti - 

[0 0 3 0] 
[ft8] 



I tx( t ) Xcos( 2 ?r A f t ) — Qtx( t ) Xsin< 2 j: A f I ) 
I tx ( t ) X si n ( 2 - A f t ) + Qtx ( t ) X cos ( 2 tl A f t ) 

•■■ (ft8) 

IS8c/j1t;^^J^|II5iC^i% Sfc, I' tx. Q' tx^JiSI CWlt, 1^ vr/U?JlfifE&-r V-^— sJ* ^ ] 0 1-1 

?*ft#tt^m 6 -e#3?fci£ffi£ T-iSigftSi-hta. k$&jhr i o 2 -c 

[0 0 3 1 ] ^>J:S<5pr4:^j^ i ' tx , q' tx 50 Hffii!oi*(SJil?&ftS:i#5o - ^fi^ffl-SS 1 0 2 T-fSffl 



(5) mW9-2 3 3 0 4 4 

7 8 

ziizmik^Lfrf tLtzm&iz. ^(Dfttis < t )i*ut * [0032] 

W«J3^$ix-5, " * l«9] . 

S ( t ).= I ' tx( t ) Xcos(2 k f t)-Q' t.x( t ) Xsin(2 reft) 

= ( I tx( t ) Xcos(2 71 A f t ) — Q.tx( t ) Xsin(2 n A f t ) ) 
Xcos(2 te f t ) 

— ( I tx ( t ) x sin ( 2 7c A f t ) + Qtx( t ) X cos ( 2 tc A f t ) ) 
Xsin(2 nit) 

— I tX ( t ) XC0S(2 7T ( f + A f ) t ) 

-Qtx( t )Xsin(2 7i ( f + A f ) t ) ••• («fc9) 

■®oT, I tx, QtxlZ^fL.T( f + A f )<Dm&9MS ^rX 10 9 T K U * K^WSI"* 5 0 :^||^7yf c 71 

[0 0 3 3] EI7{r**PJ(r^ttSil^fElH*fiO*^;CT Il^#fy7°/u^^ ^ v^Sr^tf <5-sin ISffiffl-Cfc " 
8r^1- 0 5-^^iliR^7 0 lir±o-CgfrSI<OffljS»S: 

tfiEt5^«)^* + !/ 74j«^ J '2 0 1 <07 K u-^ 2 [0 0 3 9] £A±{Z£V % 7 b 7 0 8^j:t;7 

O2COM0T* (r^T-fiA ^Jg^i-^o A A c 7 1 1 5 V^ftfrcosJgKffi^J:^ 

ii^^PHS*WI(CtSt^S^^^yrj?liffiSfc«J:9 -sin«^f(l^{*^^tb5 0 Sfc, 7 3/fd 7 0 9*3j: 

JHSHRv':? h5> 5 0KH z (nfliA f tt5) &m ' Xf^ e 7 1 2lZ{t^^y^^^ ^^^mzm^cO 

fl C^^fn' if*) fc*2> 0 »6J3*3»t4 f «9^*<5^Titt^flSm*7 1 4^*$*L 

a= 3 0 0KHz C:tlif a' ti"*) irt^L-Tc 20 5 Q 13 8 C-EtjfE^ >T S > ^ * — h Sr^"f 0 
Srg\ A Att ( f n' /fa' ) t*S^5 0 fi£oT, [0 0 4 0] ffitz x f s - 7 6 2 2. 4 MH z <h l/cg 

fgCFM^)^ t y 7j^if f n - 1 8 9 5 . ] 5 MH z £\ 3 0 0KHzF»M»4^fc^i:ft 3& 6 J: 

t Lfc4&-g\ A A = (fn-Af)/fa'=(189 ^ 2 5 4 0 8 (7 6 2 2. 4 MH z /3 0 0KH z ) !7 — 

5. 1 5MH z - 5 0KH z ) /3 0 0KHz = 631 K<E>Htffc** V 7f-*i^5i:45o ^ cr>*§ 

[0 0 3 4 ] *Dlg7 0 2Tli±S5AAt77f a 7 0 — ^ Sr£/?£1--5 7t ^(Z)pffi m^r * V Tt*— * ft ft, 

3C^6tt5m^fg^^DW^fti\ ^OjOWagSSr^JS- ^£$15 2 WtH^Ji^^^yuiaiffiSfcS- 1 . 9 2 MH z £ 

m 7 1 6/^e>^>f-^^^-< S ls?\Z.& ? y^a 7 0 £\ ft 6 <t 9 1 . 9 2 MH zi5 0KH z coft^^ft 

3 T-fiM^-f 5 o ^1 0KHzT*S:<h(iaf«^ 1 9 2 ( 1. 9 2M 

[ 0 0 3 5] 7j/fa 7 0 3 iz-feft £titzi&teZ.^><Of£. 30 Hz/lOKHz) !7— K t Sot, r<0»^,& 

JrKftSo Ml (O&ggfi-trU'^ 7 0 6<7}|j? mte&tmWt** ] J 7f-^i(i2 5600 (= 254 

lAii45, £/c, ^ 2 oSKfiiP** 7 0 5 -CffSli 0 8 + 1 9 2)!7-Ki:4^ ftj3zl!co/iJi&ft:i>^ h ^^t 

^Ht«^^yT'r--*t&*ft^^-y 2 0 1 IdjJottSx— * frfci/^JSzJfc^T, 811ft** yr-r — *ftf*#*jl/6 
*N(75 1/4^-ft^iS3f$ix, *<DmX}fe%;&±l'## ( = 25600/ 1 5 2 4 4 8) £?S5 0 

7 0 6£>^27^<kfc£> 0 w^JBt*^<t 9^1 coSiiSi: [ 0 0 4 1 ] U±<DjJtt&m\t r <t J: 9 , ff£^!$ 

re/2(^ffi.11i^7 h&fr? C <kl->£5o Si 0 2 T^;E1"& ^ffift* * J> 7f--^^^t y 7 

[0036] 2&&<Dfo&m\zftv>?j\'*'( mmmrsm'sz-t^zt^mt^v, mm**VT7 f — 

Kcoffi&JBt^ybcos^fflft^/S^o^xai^So [0 0 4 2] BB&z>W*, v^5SScOiat@*3 

[0 0 3 7] ir 7 0 6 T'iSKSixfc^ 1 SSg^tb 40 S^jft^C^ L-Tfffcixfc t ^s, >r^-^— tKu 

*ii-ti/aDNsaiS7 o 7t n^ii^6^§ c r - h i o i - 1 mx'bfflffi<nMm&%£b*iz> 0 z.com 

201X 9 7 Ku^^*f/Ci-5fBSr?#5o rc0lS:7 7t . [0 0 4 3] fcfci, fldi!iO*-i£T'i£&-r-<# ^ t LT, 

b 7 0 8 tfflcof >7°.^^^ ^^^tMt^o t i*6T*£;h,£ggf£J; 9 , J5ffi«:rafil= ^ ^ y TJaS6ft 

r v t LrBMfc* a- y r^— ^i^y -ir y 201 j; 50 s p 0 



(6) 



4#BB¥9 - 2 3 3 0 4 4 



10 



OpJXIiSOKHz (= A f ) <Dm&^>y bfr&ST: 

R(t)t*i-i:, R( t)fliff5?ttjft«l 0 5(^A^?$ * 

fc=fd+Af 
fcfcU fd = nXfch (n:S*) 

^^llf-^^Haffi^rx y^-^ 10 6-1 -<f&g# 



10 



r ( t )(z*3»ts0fa<^^-v y TjaistfcS: f c . bes^k 

JSifcStKIRBS: f c hif^iiftTO^^^So 
[0 0 4 5] 
[ftlO] 

- (mi 0) 

^mt®te£Z$\E£j&ft$: I rx( t ), Qrx(th ^/c^co^ 

^/si6*^o<oiRi.te*5 it> - a:^^sr i rx(t), q 7 

rx< t)tgftt5t»l l^S^t^S e 
[0 0 4 6] 

mi i] 



I rx( t ) = L P F (R ( t ) Xcos(2 rc f d t )) 

= L P F (( I ' rx( t ) Xcos(2 k f c t ) 

-Q' rx( t ) x sin (2 7=fct))Xcos(27cfdt)) 
= ( I 7 rx( t ) Xcos( 2 7l A f t ) 

-Q 7 rx( t ) Xsin(2 7c A f t ))/2 
Qrx( t ) — L P F ( — R ( t ) X sin {2 n f d t )) 

= L P F ( ( — I 7 rx( t)Xcos(2 n f c t ) 

+ Q 7 r x ( t ) Xsin(2 7c f c t )) Xsin(2 tl f d t )) 
= < I ' rx( t )Xsin(2 - A f t) 

+ G 7 rx( t ) Xcos(2 it A f t ))/2 . •■■ (% 



1 1) 
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